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High performance applications are now days utilizing the brushless DC 
motor (BLDC) drives due to its ruggedness, compactness, high torque to 
weight ratio, high dynamic response etc. the feature of square-wave current 
excitation waveforms in BLDC motor drives allows some major system 
simplifications for trapezoidal BLDC motors. The developed torque is 


constant in ideal conditions in this motor when its back emf waveform is of 

trapezoidal type. Despite this, due to the physical construction of the motor 

Keywords: and its settings, torque ripple exists in the output torque and is an undesired 

B phenomenon in the BLDC motor drives and are also linked to the motor's 

ack-EMF control and driver sides. This paper provides a new way for reducing torque 

Brush less D C motor . ripple and is simple, compact and cost effective. To prove the correctness of 

Small capacitor switching the compensation technique, circuit is modelled and simulations are carried 

Speed control to examine the theoretical performance of the BLDC motor drive. 

Torque ripple elimination Experiments on a prototype drive were conducted to further validate the 
theoretical analysis as well as the utility of the proposed technique. 
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1. INTRODUCTION 

Brushless direct current (BLDC) motors are commonly employed in low and medium power 
applications like computer peripherals, electric powered vehicles, servos, fans, electric-bikes, electric-cars, 
sewing machines, variable speed drive systems of aerospace, domestic appliances, and robots [1]-[3]. This 
motor offers numerous benefits, including high torque, a simple structural design, very high-power density, 
good speed controlling performance, higher power to weight ratio, minimal maintenance, good power factor, 
higher efficiency, dependable reliability, low noise, compact size, longer life and simple control schemes. A 
brushless DC motor is a permanent magnet synchronous motor that controls the currents in its static armature 
with position detectors and an electronic commutator. It has magnets on the rotating rotor, and its operating 
characteristics are similar to those of a separately excited DC motor [4], [5]. Based on commutation methods, 
two main types of BLDC motors that are common are: a) trapezoidal type BLDC and b) sinusoidal type 
BLDC (PMAC). Because of its simple construction, low cost, and higher efficiency, the trapezoidal type 
motor is a more striking choice for most applications [6]. A smooth instantaneous torque waveform is 
generated in ideal conditions in these two types of BLDC drives. Any source with non-ideal qualities that 
causes the phase currents or back-EMF waveforms to depart from their fully sinusoidal shapes will produce 
unwanted pulsing torque components [7]. Due to time harmonics in the current waveforms and time-varying 
delays involving the commanded and real currents, the inverter contributes to torque ripples in general. 
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Trapezoidal permanent magnet motors have some noticeable differences from PMAC motors and for BLDC 
motors, current excitation waveforms are square-wave waveforms. 

The reduction of the torque ripples and the improvement of control performance of BLDC motor 
have been the major research hotspot in recent years [8]-[12]. The perfect BLDC motor, in theory, should 
have the correct trapezoidal back EMF waveform to provide to the controller as feedback to control the three 
phase currents. In the square-wave waveforms of current excitation, when the current changes levels, the 
commutation torque takes the form of spikes or dips at each discrete time instantresulting in the ripple torque. 

Torque ripples must be practically non-existent or very minimal in some precise motion control 
applications. Commutation torque ripples can cause noise and vibrations, posing serious challenges that limit 
the BLDC motor's high-performance operation. They also create speed oscillations, which cause motor 
performance to deteriorate. In addition to the above-mentioned issues, torque ripples can cause resonances in 
the mechanical parts of the system, resulting in acoustic noise, and they can cause undesirable patterns on 
machined surfaces in some machine tool applications [13]-[18]. 

The torque ripples can be eliminated with the use of large electrolytic capacitor in the DC link of 
motor drive. But large capacitors are typically rated for a short duration of time. Electrolytic capacitors costs 
about 5-15% of motor drive cost. Bulky capacitors require 5-20% of space in the motor drive PCB. These are 
first to fail due to electrolyte presence. Maintenance and repair will be costly. Its lifetime is affected by the 
operating temperature, heating and ventilation issues which amounts to reduction of reliability of the drive. 
Researchers sought to overcome the issue of torque ripples in BLDC motors in a number of studies [19]-[24], 
and many approaches for reducing the generation of pulsating torque components were proposed. Despite the 
growing number of strategies for minimising pulsing torque production in BLDC motor drives that have been 
described so far, practical and cost-effective solutions are scarce and have yet to materialise for applications. 
This proposed study presents a compensatory technique for lowering commutation torque ripple in high- 
performance BLDC motor drives using a very small DC link capacitor [25]. The controller algorithm for this 
proposed project has been created to develop signal pulses to control the drive for effectively minimising 
ripples of the developed torque so that the system may be stabilised fast with fewer torque ripples [26]-[30]. 
A compensation method is proposed for a brush less DC motor to reduce torque ripple with minimum 
components and less cost is presented in this paper. In this method, instead of a large value capacitor as used 
in conventional drives, a very less value of capacitor is used. The necessary model, simulations and results 
aregiven in the following pages. 


2. TORQUE RIPPLE ANALYSIS IN BRUSH LESS DC MOTOR 

The voltage obtained from the inverter will be applied to three stator phase windings of brush less 
DC motor. At the input side of a brushless DC motor, a hex-connected bridge inverter is used to generate the 
appropriate switched pulses to the stator windings as needed. Normally during speed control or torque 
control, at any point of time the switches which are connected to any two phases will be controlled. But here 
only one switch is controlled and the second switch will be in OFF state during the whole interval as shown 
in the above figure. During the "OFF" position of the controlled switch, freewheeling path for the inductive 
current is provided by the power switch in the "ON" position. P, Q, and R are phases and P; and P2, Qı and 
Q», Ri and R: are the inverter switches. 1 and 2 subscripts are used to distinguish upper and lower switches of 
each phase. From Figures 1(a) and 1(b), the equations during ON and OFF states of switch Q, of the brush 
less DC motor drive will be expressed by following equations: 


Vin(t) = 2im(t)R + 2(L — M)“@™ + e(t) (1) 
0= 2im(t)R + 2(L — M) "© + e(t) 2) 


By taking the assumptions that the resistance R is very minimal and can be neglected, it become: 


Vin (t) = 2L - M) “2 + e(t) (3) 
0 = 2(L -MEE + e(t) (4) 


The motor's mechanical and electrical speeds are intertwined by: 


_ dor 
~ dt 


Pw (5) 
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Where Or is the position of rotor in radians, P denotes the number of pole pairs on the rotor of brush less DC motor. 


(b) 
Figure 1. Current path when (a) Q1 is ON and (b) when Q1 OFF 
Figure 2 illustrates therectifiedsupply voltage and the phase current builded up based on rectified 
supply voltage. Here E denotes average value of back-EMF appearing across DC line. It is observed from the 


figure that the phase current isnot maintained at the reference value at the time of zero crossings of supply 
voltage. The entire voltage area is divided into two different regions based on the motor phase current. 


Voltage(V) 


Figure 2. Supply voltage and phase current of brush less DC motor with no capacitor showing controllable 
and uncontrollable regions 


During region-2, the motor phase current is nonlinear and uncontrolled as shown by (3) and (4). As 
a result, the torque in region-2 will be uncontrollable as well. Apart from that, the region-2 time duration is 
determined by the Back EMF as it grows. Therefore, it becomes necessary to analyse the effect of 
uncontrollable current on the developed torque. It is observed that the phase current becomes uncontrollable 
whenever the Back-EMF value becomes more than the value of supply voltage Vin(t). And how much 
duration that the phase current will be uncontrollable will be calculated in the following lines considering the 
derived equations and parameters of brush less DC motor. 

T and Ty are the time intervals for Vin(t) to rise from 0 V to E and the supply voltage period, 
respectively. Thus, T can be given as: 


T= sin“! (=) (6) 
where Vm is the supply voltage's peak value and f is the frequency [8]. 


During region-2, current I(t) can be calculated in time intervals such that In(t) can be expressed as 
a piecewise function, minimising the complexity of formulations: 


t =t-(@-7) (7) 
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To clarify, phase current and voltage across the inductance in region-2 are denoted by Im(t1) and 
Vi(t1) respectively, where the time 't' fulfils (Tm /2-T) < t< Tm/2. To simplify the mathematical analysis, the 
input source voltage Vin(t) to the motor is considered to be a piecewise linear function in region-2. From 
Figure 2, voltage across the inductance during ‘tı? VL(t:) canbe given by approximationas: 


vW) =-žt (10) 
However, V(t) can be given as: 

V,(t) = 2(L - M) 2 (11) 
By (10) and (11) we get: 


dIm(t1) E 
1s ae (12) 


The general solution of (12) in time-domain is given as: 


Et? 
4(L-M)T 


Int) = - +C (13) 


The complete solution of Im(tı) in time domain after substituting initial conditionIm=[Lref at tı=0 is 


Et? 


Im(t1) = - wort lrep (14) 


The condition for Im(ti) to become discontinuous before the zero crossing of supply voltage Vin(t) 
can be represented quantitatively using (15) as: 


(L=My.< == (15) 


Aref 


Similar to derivation of Im(tı), the solution for Im(t2) and In(t3) can be found and given by: 


Eti _ Eto BT 
Im (ta) = 4(L-M)T 2(L-M) 4(L-M) + Treg (16) 
I PE 17 
m(t3) = ICM (17) 


In(t), following the zero crossing of Vin(t) is represented by (16). Furthermore, evaluating the 
polarity of (16) at tz=T allows us to deduce the essential condition for I(t) to be continuous during region-2 
and offers: 


ET 


L-M> (18) 


Zl ref: 


2.1. Method to reduce torque ripples 

As observed in the previous pages when there is no capacitor there will be current discontinuities 
which leads to ripples in torque produced. Furthermore, in case of without capacitor the average value of 
torque generated from the motor drive is less compared to a case where large capacitor is used. As we 
observed in the earlier, the current discontinuities are occurring at the zero crossings of Vin(t) which is to be 
avoided to improve current continuity and thereby reducing the torque ripple. To do so a small capacitor in 
series with a controlled switch Sac is connected in the DC link of motor drive. By controlling the switching of 
a tiny de link capacitor, a compensation method is offered as a remedy to the above-mentioned problem of 
motor drives with no big capacitor. 

During region 1 capacitor is chargedthroughtheantiparallelfreewheelingdiode of controlled switch 
Spc. Here the discharge of capacitor to supply current to motor drive during region-2 will be controlled by 
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the switching signals given to Spc.To eliminate torque ripples, the energy stored in the capacitor during 
region-1 must be sufficiently enough to keep In(t) to be at Iref during region-2. The motor controller is 
designed so that the Spc switching signal is calculated by comparing the difference between Vj,(t) and E. 

The back EMF 'E’ will be calculated using the speed of the motor and speed can be calculated using 
the rotor position in (5). Because the suggested technique only gives energy to the drive during region-2 i.e., 
when E > Vi,(t), the size of the capacitor required is less [10] than the capacitor in a typical brushless DC motor 
drive. As a result, a low-cost capacitor and a regulated switch are sufficient to efficiently eliminate torque ripple. 
The capacitor value has to be chosen so that it can keep the DC link voltage during region-2 when E>Vjn(t) so as 
to keep In(t) at Iref, and it is provided by the following equation after taking necessary approximation 


(19) 


Where Iavg is the average current drawn from the DC link to keep I(t) constant at Treg. 

Despite the fact that the proposed approach includes a switch and a capacitor, the total cost and 
space required for the motor drive are projected to be minimal. For quick switching, no additional component 
is necessary because the switch control is simple. In contrast to semiconductor switches, large capacitors are 
typically rated for a short duration of time and by removing the huge DC link capacitor, the drive's reliability 
will improve. The compensation capacitor required is usually 3% to 5% of the value of the big electrolytic 
capacitor. Furthermore, even if the proposed compensating approach fails, the motor drive may be able to run 
with a torque ripple. As a result, the additional components will have no effect on the motor drive's 
reliability. Because the additional switch has a lower switching rate and carries less current than the 
MOSFET/IGBT switches in the inverter, the switching power loss is not as great. Because there is no big DC 
connection capacitor, the input current's total harmonic distortion (THD) will be reduced. Also, as the 
magnitudes of charging currents of capacitors are reduced due to the existence of small capacitance to lessen 
torque ripple, the proposed compensating method's transient difficulties are minimal. 


2.2. Implementation 

To create switching pulses for the control switch and for the inverter switches, the controller circuit 
reads the rotor position and speed as the information inputs. The back-EMF (E) is calculated by plotting it as 
a function of the rotor position (as determined by hall sensor output). The back-EMF (E) thus computed is 
added with AE and is then compared with the supply voltage. The controlled switch Spc receives the 
switching signal based on the difference received by the controller as per the algorithm. Therefore, the 
charging and discharging of capacitor will be done basedon the switching signal of controlled switch Spc to 
eliminate the torque ripple. 

Whenever the calculated back-EMF exceeds the supply voltage (Vin(t)), the phase current Im(t) enters 
region-2 and becomes uncontrollable, as well as the torque, which produces ripples. The difference AE can be 
positive or negative depending upon the changes in load torque to motor drive. To eliminate torque ripple, the 
capacitor must discharge the energy stored in it to keep In(t) at Ler. To accomplish so, the capacitor must be 
sufficiently charged during region-1 of the charging phase to supply energy during the discharging phase. 

Based on the switching pulses the duty cycle of switch Spc varies. Depending on the position of the 
rotor, PWM signals to the inverter switches are created in the controller. The algorithm in the proposed 
innovative controller to generate output signals that serve as switching signals for the capacitor in the dc link 
and for the inverter switches is given in the Figure 3. 


Control 
switch 
controls 
small 
capacitor 


Give rotor Find the 


yi Add 
Start the Read the rotor position difference Give the Controller 


difference (AE) to the generates 
s E 5 
to controller difference switching 
pulses 


BLDC motor A position sequence to between 
controller voltage and 
Back-EMF 


Figure 3. Sequential flow of the proposed work 


To achieve the average value, the equations derived theoretically for Im(t) are solved using 
recommended motor parameters. The continuity of Im(t) can also be classified based on the value obtained. 
The theoretical solutions produced by solving the mathematical equations are compared with simulation 
results obtained using MATLAB/Simulink and with experimental findings to demonstrate the accuracy of the 
suggested technique. The complete simulation model of the proposed compensation is presented in the 
Figure 4. The acquired findings are also compared to those of a brushless DC drive connected with a big DC 
link capacitor [13]. 
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Figure 4. Diagram of complete simulation model 


Figure 5(a) shows the simulation results for current Im(t) where it becomes discontinuous before 
zero crossings of Vin(t) using the proposed motor shown in Figure 5(b). Figure 5(b) depicts the hardware unit 
that was tested. In region-2, (15) shows the decrease in phase current until it reaches a discontinuous point. 
The increase in phase current is given by (18) until Iret. The phase current is becoming discontinuous for a 
longer duration, as shown by the results. As a result, there is a long period of time when there is no torque in 
the motor output. As a result, there are ripples in the generated torque and also resulting in the average value 
of generated torque to be smaller. 


= I 
Init wtb DC m capator 
toy yet capacitor 


Figure 5. Simulation result of current and hardware unit, (a) simulation result of current In(t) with and 
without a big DC link capacitor and (b) hardware prototype of the model 


Numerical methods can be used to calculate the average value of current extracted from the DC link 
capacitor. The required Iavg is found to be 0.46 A using the numerical method, and the capacitor should 
deliver this current when the back-EMF E > V;,(t) during region-2 to eliminate torque ripple. From (20), the 
minimum capacitor required to compensate torque ripple after substitutingthe values is found to be 3% of 
large DC link capacitor value. The cost of such a smallcapacitoris very less incomparison to large DC link 
capacitor which is used in conventional drives. The simulation results of phase current and DC link voltage 
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with the proposed approach for the case of current discontinuity before zero crossings of Vin(t) are presented 
in the Figure 6(a) and 6(b) respectively. 
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Figure 6. Simulations results using proposed compensation method (a) simulation result of Im(t) and 
(b) simulation result of DC link voltage 


3. RESULTS AND DISCUSSION 

The topology and algorithm were built in MATLAB/Simulink to analyse and verify the suggested 
controller algorithm. For the configuration, a feasible hardware prototype discrete controller was constructed 
and the proposed control algorithm was implemented using a DSP-based controller. The performance of the 
suggested approach was evaluated and compared using three different DC link capacitors: a) without any DC 
link capacitor, b) with a big DC link capacitor, and c) with a small DC link capacitor. 

Table 1 shows the parameters of the brushless DC motor that was used. The control algorithm for 
the controlled switch Spc and the MOSFETs (inverter switches) was loaded into the DSP controller. As can 
be seen from the findings, the proposed compensation technique greatly reduces total harmonic distortion 
(THD) as compared to a typical brushless DC motor drive. Ripples in the generated motor torque induced by 
the absence of the capacitor are reduced using the proposed compensation technique, leaving just a 9% 
ripple, which is extremely small. The torque ripple is found to be 93.6 percent without the DC link capacitor. 
The obtained comparison of mathematical answers, simulation results, and experimental results, on the other 
hand, verifies and confirms the proposed compensating method's accuracy. The results of this compensatory 
technique can be utilised to create a brushless DC motor drive with less components and improved 
performance at a low cost. The results are presented in Table 2. Waveforms of the Electromagnetic torque 
and phase current for each condition are presented in Figurse 7 and 8 respectively. The effect of load change 
on torque ripple is presented in the Table 3 and last two colums show the reduction in torque ripple due to 
tuning of back emf fet to comparator. Figures 7(a) to (d) shows electromagnetic torque comparison. 
Figures 8(a) to (d) shows phase current comparison. 


Table 1. Motor parameters 


Parameter Value 
Resistance per phase (R) 32 
Inductance per phase (L-M) 0.015 H 
Total inertia (J) 0.0024 kg.m? 
Viscous friction (B) 0.001 Nm. s 
Pole pairs (P) 3 

Type of back-EMF Trapezoidal waveform 

Motor torque constant (kt) 0.8 Nm/A 


Table 2. Torque ripple and THD 


Condition Voltage ripple (%) Torque ripple (%) Current ripple (%) | THD (%) 
Without capacitor 55.5 93.6 60.8 127 
With large capacitor 2.3 1.8 1.6 215 
With only small capacitor 52.4 87.9 57.5 124 
With proposed compensation 35.6 9 8.9 114 
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Figure 7. Electromagnetic torque comparison for; (a) without a DC link capacitor, (b) with a big DC link 
capacitor, (c) with a small DC link capacitor, and (d) with proposed compensation in each case 


= i. Į 7 Ț Ț T 


Figure 8. Phase current comparison for; (a) without a DC link capacitor, (b) with a big DC link capacitor, 
(c) with a small DC link capacitor, and (d) with proposed compensation in each case 
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Table 3. Torque ripple with different loads 


Torque ripple (%) 


Load torque Back-EMF E+AE 


S.NO With large capacitor at With proposed Torque ripple (%) 
Tido 5-95 V Sdjipaneation a E=95 V v 
1 0.6 2.57 8.75 105 8.39 
2 0.8 1.74 14.64 90 14.35 
3 1.0 1.72 22.04 78 19.42 
4 1.2 1.43 33.33 70 25.28 


4. CONCLUSION 

Brushless DC's torque ripple affects performance and produces inaccurate characteristics, thus it's 
critical to limit it. The work described here is a torque ripple minimization strategy using a Novel controller 
drive system to eliminate torque ripples while meeting other motor control objectives. A small capacitor in 
series with a controlled switch is used to decrease the torque ripple that occurs due to current discontinuity in 
brushless DC motor. The needed capacitor value is calculated using a brushless DC motor drive system 
mathematical analysis. In this study, MATLAB/Simulink is utilised to validate the results by simulating 
motor settings. An additional algorithm is included in the controller apart from commutation procedure of 
normal brushless DC drive to generate switching pulses to small DC link capacitor. Despite the fact that the 
compensating technique employs a small DC link capacitor and an extra semiconductor switch, the overall 
cost and footprint of the motor drive are greatly reduced. Additionally, the controller circuit design is not 
much complex. The motor reliability is increased by using small DC capacitor instead of large DC capacitors 
which are rated for short period of time. Also, the results obtained from simulation are verified by designing 
hardware unit. The results are promising and show that the proposed method to remove the torque ripples in 
brushless DC motors is successful. The motor drive with the proposed technique also works well when the 
load changes, whether it be speed or torque. 


REFERENCES 


[1] R. K. Dasari, S. J. Madipalli and S. Javvadi, “Notice of Removal: Power quality improvement of brushless permanent magnet and 
non-permanent magnet machines using DSTACOM,”20/5 International Conference on Electrical, Electronics, Signals, 
Communication and Optimization (EESCO), 2015, pp. 1-6, doi: 10.1109/EESCO.2015.7253763. 

[2] B. Sirisha and P. Satishkumar, “Simplified Space Vector Pulse Width Modulation Based on Switching Schemes with Reduced 
Switching Frequency and Harmonics for Five Level Cascaded H-Bridge Inverter,” International Journal of Electrical and 
Computer Engineering, vol. 8, no. 5, 2017, doi: 10.1159 1/ijece. v8i5.pp3417-3426. 

[3] Ihwan Kim, Nobuaki Nakazaw, Sungsoo Kim, Chanwon Park, and Chansu Yu, “Compensation of torque ripple in high 
performance BLDC motor drives,’ Control Engineering Practice, vol. 18, no. 10, pp. 1166-1172. doi: 
10.1016/j.conengprac.2010.06.003. 

[4] J. Fang, H. Li and B. Han, “Torque Ripple Reduction in BLDC Torque Motor with Nonideal Back EMF,” in IEEE Transactions 
on Power Electronics, vol. 27, no. 11, pp. 4630-4637, Nov. 2012, doi: 10.1109/TPEL.2011.2176143. 

[5] E. B. Kashani and A.H. Niasar. “Reduction of torque ripple in an electrolytic capacitor-less BLDC motor drive by simultaneous 
speed and torque control method,” Ain Shams Engineering Journal, vol. 12, no. 4, pp. 3703-3709, December 2021, doi: 
10.1016/j.asej.2020.12.021. 

[6] Guo Wei, Chen Zhen, Zhao Jing and Fu Peihua, “Modified current prediction control strategy for suppressing commutation 
torque ripple in brushless DC motor,” Proceedings 2013 International Conference on Mechatronic Sciences, Electric Engineering 
and Computer (MEC), 2013, pp. 3770-3774, doi: 10.1109/MEC.2013.6885648. 

[7] H. K. Samitha Ransara and U. K. Madawala, “A Torque Ripple Compensation Technique for a Low-Cost Brushless DC Motor 
Drive,” in IEEE Transactions on Industrial Electronics, vol. 62, no. 10, pp. 6171-6182, Oct. 2015, doi: 
10.1109/TIE.2015.2423664. 

[8] A. Fathima and G. Vijayasree, “Design of BLDC Motor with Torque Ripple Reduction Using Spider-Based Controller for Both 
SensoredandSensorless Approach,” Arabian Journal for Science and Engineering, 2021, doi: 10.1007/s13369-021-05833-y. 

[9] T. B. Marchesan, M. A. Dalla Costa, M. Perdigao, J. M. Alonso and R. N. Prado, “Two Flyback-Based Integrated Converters for 
the Implementation of LFSW Electronic Ballasts,”2007 IEEE Industry Applications Annual Meeting, 2007, pp. 463-470, doi: 
10.1109/07IAS.2007.75. 

[10] B. Sirisha and M. A. Nazeemuddin, “A Novel Five-Level Voltage Source Inverter interconnected to Grid with SRF controller for 

voltage synchronization,” Bulletin of Electrical Engineering and Informatics, vol. 11, no. 1, pp. 50-58, 2022, doi: 10.1159 1/eei. 

v11il.3274. 

[11] Y. Son and J. Ha, “Efficiency improvement in motor drive system with single phase diode rectifier and small DC-link 

capacitor,’"2014 IEEE Energy Conversion Congress and Exposition (ECCE), 2014, pp. 3171-3178, doi: 

10.1109/ECCE.2014.695383 1. 

[12] M. P. Maharajan and S. A. E. Xavier, “Design of Speed Control and Reduction of Torque Ripple Factor in BLdc Motor Using 

Spider Based Controller,” in JEEE Transactions on Power Electronics, vol. 34, no. 8, pp. 7826-7837, Aug. 2019, doi: 

10.1109/TPEL.2018.2880916. 

P. Alaeinovin, S. Chiniforoosh and J. Jatskevich, “Evaluating misalignment of hall sensors in brushless DC motors,”2008 IEEE 

Canada Electric Power Conference, 2008, pp. 1-6, doi: 10.1109/EPC.2008.4763350. 

[14] G. Ferretti, G. Magnani, and P. Rocco, “Modelling and Control of Servomechanisms,” Lecture Notes in Control and Information 
Sciences, vol. 270, 2001, doi: 10.1007/3-540-45000-9_2. 


[13 


A mitigation technique for torque ripple in a brushless DC motor by controlled ... (Bogimi Sirisha) 


1176 O ISSN:2302-9285 


[15] C. De Angelo, G. Bossio, G. Garcia, J. Solsona and M. L. Valla, “A rotor position and speed observer for permanent magnet 
motors with nonsinusoidal EMF waveform,” IEEE 2002 28th Annual Conference of the Industrial Electronics Society. IECON 02, 
2002, pp. 756-761 vol.1, doi: 10.1109/IECON.2002.1187602. 

[16] B. Sirisha and P. S. Kumar, “A simplified space vector PWM for cascaded H-Bridge inverter including over modulation 
operation,”20/6 IEEE Annual India Conference (INDICON), 2016, pp. 1-6, doi: 10.1109/INDICON.2016.7839038. 

[17] B. Sirisha and P. S. Kumar, “SVPWM Based Generalized Switching Schemes for Seven Level DCMLI Including Over 
Modulation Operation - FPGA Implementation,” TENCON 2019 - 2019 IEEE Region 10 Conference (TENCON), 2019, pp. 2135- 
2142, doi: 10.1109/TENCON.2019.8929380. 

[18] B. Sirisha and P. S. Kumar, “A Simplified and Generalized Space Vector Pulse Width Modulation MethodIncluding Over 
Modulation Zone for Seven Diode Clamped Inverter-FPGA Implementation,” International Journal of Power Electronics, vol. 
10, no.4, pp. 350-366, 2019.102505. 

[19] B. Zheng, Y. Cao, X. Li and T. Shi, “An Improved DC-Link Series IGBT Chopping Strategy for Brushless DC Motor Drive with 
Small DC-Link Capacitance,” in JEEE Transactions on Energy Conversion, vol. 36, no. 1, pp. 242-252, March 2021, doi: 
10.1109/TEC.2020.3008902. 

[20] G. Meng, H. Xiong and H. Li, “Commutation torque ripple reduction in BLDC motor using PWM_ON_PWM mode,”2009 
International Conference on Electrical Machines and Systems, 2009, pp. 1-6, doi: 10.1109/ICEMS.2009.5382974. 

[21] Y.K. Lee, “Torque Ripple and Switching Power Loss Minimization with Constant Band Hysteresis Current Controller for BLDC 
Motor,”2019 IEEE PES Asia-Pacific Power and Energy Engineering Conference (APPEEC), 2019, pp. 1-4, doi: 
10.1109/APPEEC45492.2019.8994737. 

[22] D. Sun, “Research on torque direct control method for brushless DC motors with non-ideal back EMF waveforms,”20/1 2nd 
International Conference on Artificial Intelligence, Management Science and Electronic Commerce (AIMSEC), 2011, pp. 7217- 
7220, doi: 10.1109/AIMSEC.2011.6009882. 

[23] Y. Son and J. Ha, “Discontinuous Grid Current Control of Motor Drive System with Single-Phase Diode Rectifier and Small DC- 
Link Capacitor,” in JEEE Transactions on Power Electronics, vol. 32, no. 2, pp. 1324-1334, Feb. 2017, doi: 
10.1109/TPEL.2016.2544400. 

[24] N. Hur, J. Jung and K. Nam, “Fast dynamic DC-link power balancing scheme for a PWM converter-inverter system,” IECON'99. 
Conference Proceedings. 25th Annual Conference of the IEEE Industrial Electronics Society (Cat. No.99CH37029), 1999, pp. 
767-772 vol.2, doi: 10.1109/IECON. 1999.816497. 

[25] D. S. Nayak and R. Shivarudraswamy, “Solar fed BLDC motor drive for mixer grinder using a buck boost converter,” Bulletin of 
Electrical Engineering and Informatics, vol. 9, no. 1, pp. 48-56, February 2020, doi: 10.1159 1/eei. v9il.1667 

[26] G. Moschopoulos and P. Jain, “Single-phase single-stage power-factor-corrected converter topologies,” in IEEE Transactions on 
Industrial Electronics, vol. 52, no. 1, pp. 23-35, Feb. 2005, doi: 10.1109/TIE.2004.841148. 

[27] Koon-Seok Chung, Yu-Wu Zhu, In-Jae Lee, Kwon-Soon Lee, and Yun-Hyun Cho, “Simulation of the reduction of force ripples 
of the permanent magnet linear synchronous motor,” Journal of Electrical Engineering & Technology, vol. 2, no. 2, pp. 208-215, 
2007. 

[28] Joong-Ho Song and I. Choy, “Commutation torque ripple reduction in brushless DC motor drives using a single DC current 
sensor,” in JEEE Transactions on Power Electronics, vol. 19, no. 2, pp. 312-319, March 2004, doi: 10.1109/TPEL.2003.823177. 

[29] S. Panigrahi and A. Thakur, “Modelling and simulation of three phases cascaded H bridge grid —tied PV inverter,” Bulletin of 
Electrical Engineering and Informatics, vo. 18, no. 1, pp. 1-9, March 2019, doi: 10.11591/eei. v8i1.1225. 

[30] B. Sirisha and P. S. Kumar, “A Simplified and Generalized Space Vector Pulse Width Modulation Method Including Over 
Modulation Zone for Seven Diode Clamped Inverter with FPGA Implementation,” International Journal of Power Electronics 
and drives system, vol. 8, no.3, pp.1203-1211. 2017, doi: 10.1159 1/ijpeds.v8.i3.pp1203-1211. 


BIOGRAPHIES OF AUTHORS 


Bogimi Sirisha © E P' She holds a B.E. in electrical engineering from Osmania 
University, M. Tech Power Eelectronics from JNTUH in 2003, and a Ph.D. degree from 
Osmania University 2018. She has over 16 years of experience in research and teaching and is 
currently employed as an Associate Professor in Electrical Department, Engineering College, 
Osmania University, Hyderabad, INDIA. She has published various articles in international 
and national journal publications and conferences. Multilevel inverters, power electronics and 
drives, renewable energy applications and special electrical machines are among her research 
interests. Osmania University awarded her a Ph.D. in the field of multilevel inverters. She can 
be contacted at email: sirishab2007 @ yahoo.com. 


Laxminarayana Yalakanti © E P received his Bachelor degree in electrical and 
electronics engineering from University College of Engineering, Osmania University. He is 
currently doing post graduation from the University college of Engineering, Osmania 
University. He is working in research engineering and having vast experience in the field of 
electric motor drives for commericial and avionics applications. His research areas include 
BLDC motors, modeling and simulation of drives, control of position servo drives, renewable 
enrgy, solar energy. He can be contacted at email: ylInr@ rediffmail.com. 


Bulletin of Electr Eng & Inf, Vol. 11, No. 2, April 2022: 1167-1176 


